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Abstract 
Sudden water pollution incident has the characteristics of instantaneity and uncertainty. Based on the characteristics, 
fuzzy fault tree analysis method was used to identify the potential risks of water pollution in Beibu-Gulf economic 
zone, and it also combined with the collected data and analysis results. The research results showed that the abnormal 
discharge of sewage was the main risk factor of the economic zone; the probability value of water pollution potential 
risk in this study area ranged from 4.6 percent to17.7 percent ,which considered the random uncertainty and fuzzy 
uncertainty of the causes. This research could be considered as an instruction for future risk management, and it will 
play a great role in the healthy development of ecological environment. 
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Summarize 
 Sudden water pollution is an incident, which causes water contamination, human health harm, social 
economy and people's property losses, and social bad impact, since the economic and social activities and 
behaviors on violating regulations on protection of water resources, and incidental factors or irresistible 
natural disasters[1]. Water pollution incidents which happened year after year in the Beibu-gulf economic 
zone were not only threatening to industrial and agricultural productions, and the safety of drinking water, 
but also bringing damage to the ecological environment. So it was necessary for us to take effective risk 
identification and adopt corresponding measures for prevention, control and management, which were key 
measures to reduce the probability of risk, minimize losses, ensure people's lives and property safety, and 
keep rivers health.  
The special discussions and systems about sudden water pollution incident were relatively weak. At 
present, the researches on water pollution were most about emergency assessments after the 
incidents[2-4],but researches on risk identification and specific risk assessment were relatively rare. The 
methods used in these reseraches were mostly cited from other fields, which had been frequently used, such 
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as preliminary risk analysis method, fault tree analysis methodand event tree analysis method, and the fault 
tree analysis method had got the most extensive application[5] .  
While the fault tree method always ignored the uncertainty and fuzziness of fault factor- itself, and the 
differences among the fault factors.So in order to solve the uncertainty of fault tree analysis, many scholars 
at home and abroad started to study on fuzzy sets method of fault tree analysis[6-8].As the improvements of 
this method, it had been successfully used in many fields[9-11]. 
Based on the characteristics of instantaneity and uncertainty of sudden water pollution, and uncertainty 
and fuzziness of incident causes, this study took Beibu-gulf as an example, by adopting fuzzy fault trees, 
combining with the statistical analysis result of historical sudden water pollution and investigated result of 
risk sources, to proceed this research. 
Research methods  
The technical route of this research was displayed in Fig.1. 
 
Fig.1 Technical route 
Fuzzy fault tree analysis method is a graphic deductive method, it has the advantages of fault tree 
analysis method, and it also makes a great improvement on quantitative calculation-the occurred 
probabilities of the bottom events are processed as fuzzy numbers, and the probability of top event in the 
fault tree is acquired by using the expansion principle. The basic principles are shown as follows:  
(1) fuzzy numbers[12,13] 
Definition 1: fuzzy number A~ is a continuous fuzzy subset of R in˄ ff , ˅,its convex 
membership function meets:
              1)(max ~  

xuARx                                                                          (1) 
Definition 2:  LˈK are supposed as reference functions    
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ED, are the upper and lower limits of confidence interval. If 0  ED , then A
~
 is an explicit 
number ,else as the extension of the range of ED , ,the fuzzy degree of A~  is increasing too. The triangular 
fuzzy numbers is the common fuzzy number, which is used in fault tree analysis, taking it as an example , its 
reference function is as follows:  
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is an interval number. According to the principle of typical expansion, assuming A
~ˈ B~  as 
triangular fuzzy numbers, > @1,0O  meets the following formulas: 
ķ Subtraction  > @ > @ > @OOOOOOOOOO BABABBAA RRLLRLRLBA    ,,,~~                  (6)           
ĸ Multiplication  > @ > @ > @OOOOOOOOOO BABABBAA RRLLRLRLBA uu u u ,,,~~               (7)   
(2) fuzzy operator of fault tree analysis 
For classic fault tree analysis, any arbitrary fault tree, its structure function is )(xI , the occurred 
probability of top event can be well-determined by the occurred probabilities of bottom events and its 
structure function. The fault tree analysis of this research considered the fault rates of the bottom events 
were fuzzy numbers iF
~
, then the fault rate of top event was > @ni FFFF ~,...~,~~ 21I ,I~ was the fuzzy 
structure function of this system, the new formulas could be defined according to the formula(5): 
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Case analysis  
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(1) Background  
Beibu-Gulf economic zone which has an obvious location advantage and outstanding strategic position 
is located where the economic circles of southwest China, south China and ASEAN join one another. It is 
the only coastal area of great development of the west region in our country, and it is also the only one 
region which has sea passage and land boundary with ASEAN countries. The core cities of this economic 
zone are Nanning, Beihai, Qinzhou, Fang Chenggang, plus Chongzuo, Yulin two cities. It has three main 
water systems: Xijiang river system of Pearl river basin, coastal rivers water system of Guinan, and coastal 
water system of Yuexi. The quality of surface water is good in general, but part of the rivers had appeared 
the phenomenon of pollution exceeding standard, such as Nan Liujiang river ,Luojiang river, Jiu Zhoujiang 
river, Qinjiang river, which had brought bad influences to healthy development of Beibu-Gulf economic 
zone. 
(2)Risk identification  
1)Qualitative analysis  
According to the characteristics of Beibu-Gulf economic zone, to find out all possible fault modes 
which lead to the occurrence of the top event (potential risk of the economic zone). Details were displayed 
in Fig.2, and the list of fault factors was shown in Table 1. 
 
Fig. 2 Potential risk identification 
Table 1 List of fault factors  
No. event No. event 
1 Fault of sewage transfer project 2 Operation fault of sewage treatment plants 
3 Direct discharge of sewage 4 Leakage in warehouses 
5 Leakage during transit 6 Leakage during Loading and unloading 
7 Operator error 8 Rainfall intensity exceeds engineering design standards 
9 Engineering facilities aging 10 Shortage of operation funding 
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11 Emergency standby facilities aren't perfect 12 Fault of Treatment facilities 
13 Lack of environmental protection consciousness 14 Weak supervision of sewage discharge 
15 Low capacity of sewage treatment 16 Ruptures of storage containers 
17 Explosion of warehouse 18 Transportation incidents 
19 Poor seal of storage containers 20 Loading or unloading incidents 
21 Discharge of petroleum containing bilge water 22 Optional discharge of tank-washing water 
23 Ship aground 24 Ship collision 
25 Refute oil 26 Oil leakage during loading and unloading 
27 Heavy rainfall caused by the typhoon 28 Heavy rainfall during flood season 
29 Small river runoff 30 Sea-level rise 
31 Over-exploited groundwater 32 Dry season 
33 Interception and storage of upstream water conservancy projects 
According to Fig.2, all minimum cut sets of sudden water pollution could be found out easily. By 
statistical analyzing the causes of sudden water pollution in Beibu-gulf zone, the consequences showed that 
most of water pollution incidents were caused by point pollution sources, and the ratio of pollution events 
which caused by incident leakage and excess discharge was up to 80%. Moreover, according to the 
investigated data, industrial pollution source was the main risk source at present .So the abnormal discharge 
of sewage was considered as the main risk factor of the economic zone, its minimum cut sets were 
displayed in Fig.2. 
2) Quantitative assessment 
This research took abnormal discharge of sewage-this branch as the key analysis object, to proceed deep 
study, and the analysis figure based on fuzzy fault was displayed Fig.3. 
 
Fig.3 Main risk analysis 
According to the result of historical statistics and the experts’ experiences, m, ED ,  were determined 
Table 2. 
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Table 2 List of basic events  
No. event m Į-ȕ 
1 Operator error 0.005 0.003 
2 Rainfall intensity exceeds engineering design standards 0.01 0.007 
3 Engineering facilities aging 0.005 0.003 
4 Operation funding couldn't meet the requirements 0.005 0.003 
5 Emergency standby facilities weren't perfect 0.01 0.007 
6 Fault of Treatment facilities 0.02 0.01 
7 Lack of environmental protection consciousness 0.01 0.007 
8 Weak supervision of sewage discharge 0.01 0.007 
9 Low capacity of sewage treatment 0.01 0.003 
10 Oil spillage of ships 0.01 0.007 
11 Leakage of poisonous and harmful chemicals 0.01 0.007 
12 Flood, tide 0.01 0.003 
Supposing all the basic events were independent with each other, fault tree had no repeated events, then 
the true value function of this top event was as follows: 
P=B1+event10+event11+event12; B1=B2+B3+B4; B2=event1+event2+event3; 
B3=event1+event4+event5+event6; B4=event7+event8+event9 
The fuzzy function of top event: 
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3)~ was an interval number, choosing different values ofȜ, then we could get different confidence 
intervals of ˨3)~ .WhenȜ˙1, the fuzziness on occurred probabilities of basic events was not considered, 
so the probability of potential risk was 11.6%; whenȜ˙0, the fuzziness and randomness of basic events 
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were considered fully, and the probability values of water pollution potential risks changed from 4.6 
percent to 17.7 percent. 
Conclusion 
Based on the statistical analysis result of historical sudden water pollution and investigated result of risk 
sources, this research used the fuzzy fault tree to identify the potential risks of water pollution in 
Beibu-Gulf economic zone. The results showed that the abnormal discharge of sewage was the main risk 
factor of the economic zone, when the fuzziness and randomness of basic events were considered, the 
probability of water pollution potential risk in this study ranged from 4.6 percent to 17.7 percent, which was 
fit for the actual situation. Due to the influences of limitation on investigated data and differences of 
specialists’ experiences, the result had a small deviation, while, based on the characteristics of sudden water 
pollution, a certain extent of error was allowed in the probability estimated. So this method had a great 
flexibility and adaptability, it would have a broad prospect of application in the reliability engineering. 
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